The electrophysiological properties of the atrioventricular conduction system were compared in 16 patients using stimulation of the high right atrium (HRA) and a site within the coronary sinus (CS). The site of atrial stimulation significantly altered A-V nodal conduction time and refractoriness in eight patients (Group A) and did not change A-V nodal properties in the remaining patients. His-Purkinje conduction time and refractoriness were not affected by changing the atrial stimulation site. The atrial stimulation site may influence A-V nodal function by changing the site and/or mode of entry of the impulse into the A-V node.
T HE FUNCTIONAL PROPERTIES of the atrioventricular conduction system (AVCS) have been shown to be influenced by various factors including heart rate, the state of the autonomic nervous system, drugs, and various pathological conditions. ' The purpose of the present study is to investigate the effects of different sites of origin of an atrial impulse upon the electrophysiologic properties of the AVCS.
Atrial stimulation from the high right atrium at its junction with the superior vena cava as well as from a site within the coronary sinus was performed. A comparison was then made of the effects of high right atrial (HRA) stimulation and coronary sinus (CS) stimulation on conduction and refractoriness within the AVCS.
Materials and Methods
Sixteen patients underwent right heart catheterization in the nonsedated, postabsorptive state. The investigational nature of this study was explained to all patients and a signed consent obtained before the procedure. Pertinent clinical information on these patients is presented in table 1.
No patient was receiving cardioactive drugs at the time of study.
A quadripolar electrode catheter (each electrode 1 cm apart) was introduced percutaneously under local anesthesia into the right antecubital vein and positioned under fluoroscopic control several centimeters into the coronary sinus. A second quadripolar electrode catheter was similarly introduced either in the right antecubital vein or the right femoral vein and was positioned in the right atrium near its junction with the superior vena cava. The distal pair of electrodes of each catheter was used for stimulation while the proximal pair of electrodes was used for recording a local bipolar electrogram. Stimulation via the coronary sinus catheter certainly resulted in depolarization of the left atrium rather than the atrial tissue in proximity to the coronary sinus ostium.2'3His bundle electrograms were obtained using a tripolar electrode catheter as has been previously described. 4 Simultaneous standard electrocardiogram leads 1, 2 and V, were recorded along with the intracardiac electrograms (high right atrial, coronary sinus, and His bundle) and time lines at 10-, 100-and 1000-msec intervals, and were displayed on a multichannel oscilloscope recorder* and relayed by a matching amplifier* to a tape recordert. Records were subsequently played back and reproduced at a paper speed of 150 mm/second. In 15 patients atrial pacing was performed from both the high right atrium and the coronary sinus at rates increasing at 15 to 30 sec intervals by 10 beats/minute increments from just above sinus to the onset of A-V nodal Wenckebach phenomenon or to a maximum rate of 200 beats/min. Before changing the atrial pacing site, the sinus rate was allowed to return to baseline and the onset of A-V nodal *Electronics for Medicine, White Plains, New York.
INorth American Phillips, Shelton, Conn. Wenckebach block was redetermined. Refractory period determinations were also performed in 15 patients using the extrastimulus method.5 6 Using a dual beam oscilloscope* and programed digital stimulatort which delivered impulses of 1.5 msec duration and twice diastolic threshold, the atrium of each patient was paced at constant cycle lengths to avoid the effects of changing cycle lengths on the refractory periods of the atrioventricular conduction system. A single premature stimulus was introduced after every eighth paced beat successively earlier until the atrium was refractory. These measurements were performed at several different cycle lengths in each patient from both the high right atrium and the coronary sinus. Statistical analysis of the data was performed using the Student's t-test for paired data. whichever occurred first. This interval is a measure of His-Purkinje system conduction time. S-A interval is the interval between the stimulus artifact and the onset of low atrial depolarization as seen in the His bundle electrogram. This interval is a measure of intraatrial conduction time.
Definition of Terms
A, H, is the A-H interval for the basic driven rhythm. H, V, is the H-V interval for the basic driven rhythm. A, H, is the A-H interval for the premature beat.
H2 V2 is the H-V interval for the premature beat.
A, A2 is the interval between the onset of low atrial depolarization of the last beat of the basic driven rhythm and that of the premature beat.
H, H2 is the interval between the His bundle depolarization of the last beat of the basic driven rhythm and that of the premature beat.
Atrial refractory period (ARP) is the longest S, S2 interval at which S2 fails to depolarize the atrium. Effective refractory period (ERP) of the A-V node is the longest A1 A2 interval at which A2 fails to depolarize the His bundle. Functional refractory period (FRP) of the A-V node is the shortest H1 H2 which can be elicited by any A1 A2. Relative refractory period (RRP) of the His-Purkinje system (HPS) is the longest H1 H2 which produces either a longer H-V for the premature beat than that of the basic driven beat or aberrant ventricular conduction as determined by the standard electrocardiogram leads. Effective refractory period (ERP) of the HPS is the longest H1 H2 at which H2 fails to conduct to the ventricle. A, V,+, A211
Effect of atrial pacing site on the effective refractory period (ERP) of the atrioventricular node. In all panels (A, B, C, and D) ECG leads 1, 2, V, high right atrial electrogram (HRA), coronary sinus electrogram (CS), His bundle electrogram (HBE), and time lines at 10, 100, and 1000 msec, respectively, are shown. All panels show atrial pacing at a cycle length of 600 msec. In panels A and B the site of atrial pacing is the HRA, in C and D the CS. In panel A an atrial premature depolarization (APD) is delivered at a coupling interval (A, A2) of 500 msec and conducts through the A-V node with an A-H interval of 220 msec. In panel B the APD is 10 msec earher (A, A2. 490 msec) and blocks in the A-V node. In panel C the APD is delhvered at an A, A2 of 460 msec and conducts with an A-H of 210 msec. Panel D shows that an APD with an A, A2 of 450 msec blocks in the A-V node. The ERP of the A-V node is thus 40 msec (450 vs 490) shorter with CS than HRA pacing.
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x-x GRO B In group A, six patients showed the onset of A-V nodal Wenckebach block at slower paced rates with HRA pacing than with CS pacing. All patients in group B had the onset of A-V nodal Wenckebach block at the same paced rate with both HRA and CS pacing. No patients in either group developed Wenckebach block at slower rates with CS pacing.
The H-V interval remained unchanged over the full range of paced atrial rates from both pacing sites in all patients.
Refractory Periods
The data for refractory periods of the atrium and the HPS were analyzed as an entire group while the data for the A-V nodal refractory periods were analyzed both as an entire group and separately as group A and group B (table 3) .
Atrial Refractory Period
There was no significant difference in the atrial refractory period with HRA (av 249) compared to CS stimulation (av 255, P < 0.4).
Effective Refractory Period of the A-V Node (Figure 3 )
The ERP of the A-V node could be determined at comparable cycle lengths from the HRA and the CS in six patients at a total of 13 cycle lengths. In the remaining cycle lengths, the ARP of either the HRA or CS prevented reaching the ERP of the A-V node. There was significant shortening of the ERP when CS pacing was compared to HRA pacing (HRA av, 382; CS av, 354; diff, 28 msec; P < 0.001).
Group B
The ERP of the A-V node could be determined at comparable cycle lengths from both pacing sites in four patients at a total of eight lengths. No statistically significant shortening of the ERP of the A-V node could be demonstrated with CS pacing in this group (HRA av, 319; CS av, 309; diff 10 msec; P < 0.2).
Total
When considered as an entire group (21 cycle lengths in ten patients), the ERP was significantly shorter when measured with CS stimulation than with HRA stimulation (HRA av, 358; CS av, 337; diff, 21 msec; P < 0.001). The ERP of the HPS could be reached in only one patient. There was no significant difference in the ERP of the HPS during CS stimulation ( fig. 5 ).
Relative Refractory Period of the His-Purkinje System
The RRP of the HPS could be reached from both sites in seven patients at 18 cycle lengths. The RRP was 4 msec shorter with CS than HRA stimulation (HRA av, 389; CS av, 385; diff, 4 msec; P < 0.05).
Although this difference achieved borderline statistical significance, it is clinically insignificant and within the error of measurement (5 msec).
Discussion
The possible effects which the site of atrial stimulation may have on the electrophysiological properties of the AVCS have not been previously Circulation. Volume 50, Auigtust 1974 described in man. The results of this study demonstrate that at least in certain patients alteration of the site of atrial stimulation can produce distinct differences in A-V nodal conduction and refractoriness. His-Purkinje system conduction times and refractoriness were not changed in any patient by altering the site of atrial stimulation. Two basic issues are raised by these results: What mechanism or mechanisms are responsible for these differences observed in group A patients and what accounts for the different behavior of group A and group B patients? Possible mechanisms for the observed differences in A-V nodal behavior will be considered first.
Consideration should first be given to the possibility that the observed differences between HRA and CS stimulation are artifactual; that is, that changes in the A-H and A1 A2 intervals do not accurately reflect changes in A-V nodal conduction and refractoriness. The atrial deflection as recorded in the His bundle electrogram represents atrial activity in close anatomic proximity to the A-V node. It has been presumed that the initiation of A-V nodal depolarization occurs during or immediately after the inscription of the low atrial electrogram and that activation of these two sites is related either sequentially, temporally, or both. Therefore, the A-H interval has been used to measure A-V nodal conduction time in both clinical and animal electrophysiological studies.7"18
The response of the A-H interval to atrial pacing, Although this interval has been used to measure A-V nodal conduction time, it should be recognized that this is an indirect measurement. The initiation of A-V nodal depolarization in man is not recordable by present techniques and therefore it is impossible to precisely measure nodal conduction time. Changing the site of atrial stimulation could change the sequential relationship of the low atrial electrogram to the onset of A-V nodal depolarization and thereby change the A-H interval without changing actual A-V nodal conduction time.
Such an artifactual change in the A-H interval with different atrial pacing sites would be constant 
Figure S
Effect ofatrial pacing site on the effective refractory period (ERP) of the Iis-Purkinje system (HPS). Panels A, B, C, and D show ECG leads 1, 2, V, HRA, CS, and time lines at 10, 100 and 1000 msec respectively. All panels show atrial pacing at a basic cycle length of 800 msec; in panels A and B the HRA is the atrial stimulation site, in panels C and D, the CS. In panel A, an APD with a coupling interval of 390 msec iS conducted with an H, H2 interval of 420 rtsec and a prolonged H-V (115 msec). In panel B, an APD with a coupling interval of 380 msec is conducted to the His bundle with an H, H, of 410 msec, but blocks in the HPS. In panel C, with CS pacing, an APD with a coupling interval of 400 msec is conducted with an HI, i, interval of 420 msec and a prolonged H-V (/00 msec). In panel D, an APD with a coupling interval of 390 msec is conducted to the HIis bundle with an H, H2 interval of 410 msec, but blocks in the HPS. Therefore the ERP of the HPS was identical (410 msec) with HRA and CS stimulation.
regardless of stimulation rate. Group B patients did demonstrate such a constant difference in A-H interval over the full range of paced atrial rates and this constant difference may have been a result of such artifactual change. However, group A patients demonstrated an increasing difference in A-H interval with increased atrial pacing rate (fig. 2) , a result not explainable by a change in atrial depolarization sequence.
Other differences in A-V nodal behavior in group A patients also do not seem to be explainable as merely artifacts of method. Six out of eight patients in group A had the onset of A-V nodal Wenckebach block consistently at slower paced atrial rates with HRA than CS stimulation. There were no patients in either group who had the onset of A-V nodal Wenckebach block at slower paced rates with CS than HRA stimulation.
In addition, the calculated A-V nodal refractory periods in group A patients were consistently different with CS stimulation. Although differences were also seen in group B patients, the differences were less than in group A patients and did not achieve statistical significance. Since the site of stimulation for A1 and A2 was always the same, the relationship of the low atrial electrogram to the onset of A-V nodal depolarization was the same for the driven and premature beats. Thus, any error in approximation of the onset of A-V nodal depolarization would be the same for A1 and A2 and would not affect the A1 A2 interval. Changes in intra-atrial conduction time for the premature beat could change the A1 A2 interval; however, intra-atrial conduction time, as reflected by the stimulus to low atrial electrogram, remained comparable for both pacing sites. Thus, the shorter ERPs of the A-V node observed in group A patients cannot be explained as artifactual. The shortening of the FRP of the A-V node also cannot be an artifact of measurement. Other explanations for these results must then be considered.
An increase in sympathetic tone with CS pacing could account for the changes in A-V nodal function seen in group A patients. Although subtle changes in sympathetic tone may possibly have occurred, several factors mitigate against significant changes in autonomic tone. During atrial pacing studies, the sinus cycle length and A-H interval always returned to baseline before repeating the pacing study from the second stimulation site. Sinus escape times were comparable after termination of pacing from both atrial sites. The longest basic cycle length at which refractory period determinations were performed was always the same for both pacing sites and the sequence of determinations was random. Thus a change in baseline sympathetic tone does not seem to have occurred. The possibility remains that CS stimulation itself induces a subtle increase in sympathetic tone although there was no evidence of this in terms of baseline A-H, sinus cycle length, or sinus escape times.
Either total or partial bypass of the A-V node might afford an explanation of our results in group A patients. Total bypass of the A-V node with CS pacing is unlikely to have occurred since the A-H interval increased with incremental CS pacing and the ERP of the A-V node increased with a decreasing basic cycle length as is typical for A-V nodal behavior. Thus the impulse with CS stimulation behaved as though it traversed A-V nodal tissue.
Partial bypass of the A-V node is a possible explanation for the A-H interval and A-V nodal ERP shortening seen in group A patients with CS pacing. Janse'9 has shown in isolated rabbit hearts that the site or direction of entry of an atrial wavefront into the A-V node could influence A-V nodal transmission.
Although refractory periods were not measured, he did demonstrate a difference in onset of A-V nodal Wenckebach block and in A-V nodal conduction time between atrial pacing from the crista terminalis and from the interatrial septum.
Coronary sinus pacing in our group A patients may have similarly critically altered the site or direction of entry of the atrial wavefront into the A-V node. Specialized atrial conduction pathways have been described by several authors.20-23 If the impulse with CS pacing was preferentially conducted via an internodal tract its entrance into the A-V node could be altered and thus account for the shortened A-H interval and ERP and FRP of the A-V node.22 23 The constant differences in A-H intervals without statistically different A-V nodal refractory periods seen in group B patients are compatible with purely artifactual changes not reflecting true differences in A-V nodal properties. The fact that group B patients did not have significant differences in A-V nodal function with CS pacing may mean that in these patients CS pacing did not alter the site of entry of the atrial wavefront into the A-V node. Whether this was because of anatomic differences between group A and group B patients or was due to subtle procedural differences in exact site of atrial stimulation cannot be determined from our results.
It is interesting to note that the one patient (J. H.) in our series who had a longer ERP and FRP during CS pacing also demonstrated an abnormal sequence of atrial depolarization during HRA pacing ( fig. 6 ). This patient had a cardiomyopathy with a diffusely enlarged heart and was studied after conversion from atrial flutter. With HRA stimulation he demonstrated an atrial depolarization sequence of HRA-CS-LRA as compared to the normal sequence of IHRA-LRlA-CS seen in our other patients. In this patient HRA stimulation may have entered the A-V node in an unusual fashion and the unusual entry of these impulses into the A-V node might account for the ERP and FRP of the A-V node being shorter with HRA stimulation.
The decrease in the FRiP of the A-V node (i.e., shorter attainable H, H2 intervals) with CS pacing allowed us to measure the BliP of the HPS in some patients in whum it could nut be reached with HRA pacing. It is theoretically possible that the ERP of the HPS could be determined using CS stimulation and be undeterminable with HIRA pacing, although this was not seen in our study.
The coronary sinus has been chosen as the site for pacemaker implantation in patients with rhythm disturbances of the sinus node who are felt to have adequate A-V nodal function.24' 25 The observed differences in A-V nodal conduction times and refractoriness with CS pacing suggest that in patients with sinus node disease who require pacemaker therapy, A-V nodal function should be tested with CS pacing. Satisfactory A-V nodal function, allowing the use of an atrial (CS) pacemaker, might be seen with CS pacing and not with HRA pacing.
Study of the mechanisms of A-V nodal function in man is difficult and requires the use of indirect measurements. From our data it is impossible to clearly establish the mechanisms for the differences in A-V nodal function seen with CS pacing. It is clear, however, that the site of origin of an atrial impulse can have definite effects upon the conduction of that impulse through the specialized conduction system, Cpiatioent Voluu 50w AXgst I974 possibly by changing the mode of entry of its wavefront into the A-V node. electrophysiological effects of intramuscular quinidine in the atrioventricular conduction system in man. Am 
